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(54) LiTBILfti ION BATTERY AH!) MANUFACTURE OF IT 

PROBLEM TO BE SOLVED: To prevent the danger of fire generation by 
spirally winding first and second copper foil-like collectors each in 
which a positive electrode and a negative electrode are formed on the 
front surface so that the positive electrode faces the negative 
electrode, impregnating organic solvent and gelling agent between the 
positive electrodes and the negative electrodes, and diffusing 

SOLUTION: A positive electrode in which L.iCo02 is applied to aluminum 
foil, and a negative electrode in which graphite is applied to copper 
foil are spirally wound through a. separator composed of a porous 
polyethylene layer. Solution formed by dissolving polystyrene monomer, 
divinyiberorene, benzene peroxide In tetrahydrofuran is impregnated int 
a part between the positive electrode and the negative electrode, and 
polymerization reaction is performed. Solution formed by dissolving 
L1FP6 in mixed liquid of ethylene carbonate and dimethoxy ethane and i 
added and swelled into gel-like electrolyte. Therefore, there is no 
possibility that organic solvent is allowed to flow to the outside of 
container even if the battery is broken, and the danger of fire can be 
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[Claim (s)] 

[Claim 1] The manufacturing method of the lithium ion battery 
characterised by diffusing the electrolyte which contains a lithium in 
this gel after forming a positive electrode and a negative electrode its 
the front face of a foil-like charge collector, respectively, winding 
spirally in the condition of having made both countering mutually, 
s-saking the liquid which consists of an organic solvent, and a gelling 
agent or its raw material sink in among these both and making this gel, 
[Claim 2] The manufacturing method of the lithium ion battery 
characterized by forming a positive electrode and a negative electrode 
in the front face of a foil-like charge collector, respectively, winding 
spirally in the condition of. having isade both countering mutually, 
> ki v t i f v't <. s 1 + o * •>! r n - m i xi 
containing a lithium, an organic solvent which dissolved this 
electrolyte, and a gelling agent or its raw material sink in among these 



both, and making this gel, 

[Claim 3j Form a positive electrode and a negative electrode in the 
front face of a foil-like charge collector, respectively, and a gelling 
agent or its raw material is made to. exist in a part of separator [ at 
least J between which it is further placed between those front faces or 
two poles. The manufacturing method of the lithium ion battery 

* t s.ta _ >< t i 1 , i isr i e ^een . ^ .-.r^ i <^nK ins _rin in 
this gel after having roiled said positive electrode and negative 
electrode spirally in the condition that yoa made it counter mutually, 
making an organic solvent sink in among these both, dissolving said 
gelling agent or its raw material and making this solution gel. 
[Claim 4] Form a positive electrode and a negative electrode in the 
front face of a foil -like charge collector, respectively, and a gelling 
agent or its raw material is made to exist in a part of separator L at 
I !. i n j i. i 1u i i c w>. < K Kt ti o ^ i e or 

two poles. The electrolyte which rolls said positive electrode and 
negative electrode spirally in the condition that you made it counter 
mutually, and contains a lithium among these both, The manufacturing 
. h \ < « { iv J ttti o u -> v ctn vtciized by making the 
electrolytic solution which consists of an organic solvent which 
dissolved this electrolyte sink in, dissolving said gelling agent or its 
raw material, and Making this solution gel. 
j Claim 5] The manufacturing method of the lithium ion battery 
characterized by forming a positive electrode and a negative electrode 
in the front face of a foil-like charge collector, respectively, making 
the gel which consists of an organic solvent and a macromoleeuie exist 
in a part of separator [ at least ] between which it is further placed 
between those front faces or two poles, winding spirally in the 
condition of having made said positive electrode and negative electrode 
r> nr. ediu ■jsiUualb. and racking the eiecttul^u containing c, allium 
sink in among these both. 

[Claim 6] The manufacturing method of the lithium ion. battery 
characterized by winding spirally in the condition of having formed the 
positive electrode and the negative electrode in the front face of a 
foil-like charge collector, respectively, having made the gel which 
consists of an organic solvent, a giant molecule, and an electrolyte 
containing a lithium existing in a part of separator [ at least j 
between which it is further placed between those front faces or two 
poles, and having made said positive electrode and negative electrode 

[Claim 7j The manufacturing method of a lithium ion battery according to 



claim 1 to 6 from which gelation takes place at a thermal polymerization 
reaction. 

[Claim 8] The raanufacturing method of the lithium ion battery according 
to <.. laim I to 0 which happens by generation of branching which gelation 
becomes from 2 functionality monomer and a poiyfunetional monomer by one 
reaction of an addition polymerization reaction, a poly addition reaction, 
a ring-open i.ng-poIyme.ri zat i on reaction, and a polycotidensation reaction, 
or a crossl inked polymer. 

[Claim 9] The manufacturing method of a lithium ion battery given in six 
to either claim 1 in which the giant molecule which constitutes gel 
contains at least one in polymethyl aery late, a polymethyi methacrylate, 
a po 1 yacr y Ion i tr i le, polystyrene, polyvinyl acetate. Fori cinnamic-acid 
vinyl, cyci ised rubber, polysilane, a polys iloxane, epoxidation 
poiybutadiene, a poly ether, polyure thane, polyester, and those 

(Claim 10] The manufacturing method, of the lithium ion battery according 
to claim 1 to 6 whose ratio of the soluble parameter of the 
macromolecuie which constitutes gel, and the organic solvent contained 
in it is wi thin the limits of I to 0. 7 thru/or i to 1,3. 
[Claim 11] The lithium ion battery characterized by making the 
electrolyte which a positive electrode and a negative electrode are 
formed in the front face of a foil-like charge collector, respectively, 

and the gel electrolytic solution generated at the thermal 
polymerization reaction intervenes among these both, and contains a 
lithium in this gel electrolytic solution, and the organic solvent which 
dissolved this electrolyte sink in. 



DETAILED DESCRIPTION 



,c c ' ^ h>* 'the Iv^cUoa] 

[0001] 

[Field of the Invention] Especially this invention relates to the 
lithium ion battery using the new electrolytic solution excellent in 
safety and endurance, and its manufacturing method about a lithium ion 
battery and its manufacturing method, 
[0002] 

[Description of the Prior Art] Since the energy density is high, it is 



briskly used, as a power source of a portable electronic device, and as 
for the lithium ion battery, development is furthered also as a power 
source further for electric vehicles. By this kind of cell, using the 
carbon with which INXAKARESHGN of a lithium happens to a negative 
electrode, the separator of the shape of porous film is inserted into a 
positive electrode in the .meantime using the multiple oxide of oxide, 
such as Co, nickel, and Mn, and a lithium, and it has composition dipped 
in the ethylene carbonate which is an organic solvent about these three 
persons into the electrolytic solution which melted the L1PP6 grade 
which is an electrolyte. However, this ceil used the inflammable organic 
solvent as an electrolytic solvent, when a cell was damaged or there was 
a seal by being imperfect, this organic solvent flowed out out of the 
container, and it ignited, and it had the fault with the danger of 
becoming a fire. 

[0003] Moreover, in connection with the charge and discharge of a cell, 
there was a problem on which an opening is generated among two poles, or 
the positive-electrode matter and the negative-electrode matter produce 
blinding of a separator with, a volume change in a lifting and this 
slightly, and the capacity and internal resistance of a cell deteriorate. 
[00043 Although the so-called polymer battery using the sheet of art ion 
conductivity polymer as a separator between two poles was developed 
instead of the organic solvent, since it became inadequate contacting an 
<■ ,ee + ^ ><> -n^sve r-ueti.il, there ^us a iV.lt, hkr the \elu5o >t j 
separator with high internal resistance is needed for an excess. 
[0005] 

[Problem (s) to be Solved by the Invention j In view of this trouble, even 
when a cell is damaged, possibility of this invention that an organic 
solvent will flow out out of a container is small, its safety is high, 
and there is little degradation accompanying charge and discharge, and 
it aims at offering a lithium ion battery with a large volume energy- 
density. 
[0006] 

[Means for Solving the Problem] This invention forms (l) positive 
electrode and a negative electrode in the front face of a foil- like 
charge collector, respectively, and rolls them spirally in the condition 
of having made both countering mutually. Among these both An organic 
solvent, The manufacturing method of the lithium ion battery which 
diffuses the electrolyte which contains a lithium in this gel after 
making the liquid which consists of a gelling agent or its raw material, 
sink in and making this gel, And the electrolyte which forms (2) 
positive electrodes and a negative electrode in the front face of a 



foil-like charge collector, respectively, winds spirally in the 
condition of having made both countering mutually, and contains a 
lithium among these both, The electrolytic solution which consists of an 
<. t ii i ( i d i it t i * or 

its raw material is mads to sink in. The manufacturing method, (3) 
positive electrodes, and the negative electrode of the lithium ion 
n t + ^ i i i \~ i 0 - j i j lot- "i H i in i t < U 
charge collector, respectively. Furthermore, a gelling agent or its raw 
material is made to exist in a part of separator [. at least ] between 
which it is placed between those front faces or two poles. Roll said 
positive electrode and negative electrode spirally in the condition that 
you made it counter mutually, make an organic solvent sink in among 
these both, and said gelling agent or its raw material, is dissolved. The 
manufacturing method of the lithium ion battery which diffuses the 
electrolyte which contains a lithium in this gel after making this 
solution gel, And (4) positive electrodes and a negative electrode are 
formed in the front face of a foil -like charge collector, respectively. 
Furthermore, the electrolyte which a gelling agent or its raw material 
is made to exist in a part of separator [ at least J between which it is 
placed between those front faces or two poles, winds spirally in the 
condition of having made said positive electrode and negative electrode 
countering mutually, and contains a lithium among these both, Make the 
electrolytic solution which consists of an organic solvent which 

U 1 - h i * v. ct i ti „<)k A^n iks o-i i n 

material is dissolved. The manufacturing method, (5) positive electrodes, 
and the negative electrode of the lithium ion battery which makes this 
solution gel are formed in the front face of a foil-like charge 
collector, respectively. Furthermore, the gel which consists of an 
organic solvent and a maeromolecule is made to exist in a part of 
separator [ at least j between which it is placed between those front 
he p mi i \ x u \ v •> i it } tin i a t t 
which said positive electrode and negative electrode are spirally roiled 

[ lithium ion battery ] in the condition that you made it counter 
mutually, and makes the electrolyte containing a lithium sink in among 
these both, To a part of separator j, at least ] between which (6) 
positive electrodes and a negative electrode are formed in the front 
face of a foi l~like charge collector, respectively, and it is further 
placed between those front faces or two poles, and an organic solvent, 
The manufacturing method of the lithium ion battery spirally rolled in 
the condition of having made the gel which consists of a giant molecule 
and an electrolyte containing a lithium existing, and having made said 



positive electrode and negative electrode countering mutually. And (7) 
j'v'M'.ia' e its l :\x1e;> u: d a r.egamc- elecfr^d-^ >ire j'orraeu 'a Ua- 2 front- 
face of a foil-like charge collector, respectively, it is the lithium 
ion battery into which the electrolyte which both are spirally rolled in 
the condition of having countered mutually, and the gel electrolytic 

I o, m > * k I '\t i , ir. p a< 5 w itj*. i i > un 'ueivt_! 
among these both, and contains a lithium in this gel electro lytic 
solution, and the organic solvent which dissolved this electrolyte are 

[0007] Although the approach of (l) does not have the need of -caking 
into consideration active jamming of the polymerization reaction by the 
electrolyte, and is comparatively wide and it is easy to obtain the gel 
of a good property, a process becomes complicated and electrolytic 
impregnation takes long duration, [ of the selection range of the class 
of gel ] Although the approach of (2) has the narrow selection range of 
gel, it can be produced only by changing a little conventional 
production process, and it is high. f of productivity ] (3) And the 

i ^ } } j <4 i i t p^ial 1 e t i h > > . s 

of a gelling agent is hyperviscosity, and it can do I making the gel of 
uniform concentration for a short time, or }. (55 And most becomes 
uniform [ the approach of (8) / distribution of gei ], and, a cell with 
little dispersion in Quality is obtained. 

[0008] It is desirable to use a thermal polymerization reaction in 
respect of the ease of a production process, or the stability of the gel 
in ease of the breakage accident of a product, for example, it dissolves 
vinyl ene cull BQNATQ and azobisisobutyronitril by use ethylene carbonate 
as a solvent, makes this decompress and sink into the positive electrode 
matter, the negative electrode matter, and the winding article of a 
separator, and makes 60 - degreeC and a 20 - hour hulk polymerization 
reaction perform in nitrogen gas atmosphere mind as a process of the gel 
electrolytic solution, it generates so that this may be filled up into 
the detailed hole of the two poles containing ethylene carbonate, and a 
separator, then, the gel filled up with between two poles including the 
t. f < i 1 _ i 1 i k. <. v pi a i t tt tl \ he n . He 

solution which melted LiPFS of an electrolyte, and making it spread. 
Moreover, a monomer and a polymerization initiator may be made to 
dissolve and react to the nonaqueous solvent which dissolved the 
electrolyte beforehand. 

[0009] Being able to control [ for example, ] the gelation reaction by 
thermal polymerization easily by controlling the temperature of the 
assembled cell, the time amount required for the conclusion of a 



iv i i<n rt< 1 a i t <.r t A oni^u^ s ! ' mi,! iiii t.i a 

vinyl moid macro monomer is as follows... A macro monomer is called alias 
name reactivity oligomer, and the molecular weight is thousands of 
dalton here. The solubility according to the object and the physical 
properties of gel are controllable by the design of the various chemica 
structures. On the other hand, the reactivity of gelation of a macro 
monomer is almost the same as the reactivity of a monomer, and thermal 
polymerization is possible for it, 

(1) When azob i su i sobut iron i tori ru is used as an initiator. 
50-degreeC 74-hour 70-degreeC 4. 8~hour ld()~degreeC When iauryl peroxide 
is used as a 7, 2-minute (2) initiator. 

50-degreeC 47. 7-hour ?0~degreeC 3,5-hour 100~degreeC In this way, since 
the time amount of gelation is controllable by temperature control, the 
optimal conditions for a production process can be set up for 3,5 
minutes. 

[001.0 j The polymerization reaction, which occurs as a device of a 
reaction as a polymerisation reaction used by this invention by 
j 1 1 w f i ^ ' o' t „ it'.vt ' i n a in a 

poiyfnnctional monomer by one reaction of an addition polymerization 
reaction, a polyaddition reaction, a ri ng-openi ng-polymerization 
reaction, and a poiycomiensation reaction, or generation of a 
cross I inked polymer can be used suitably, 

[0011] Moreover, as a giant molecule which constitutes gel from this 
invention, the thing containing at least one in poiymethyiaerylate, a 
poiymethyl methacrylate, a polyacrylonitrile, polystyrene, polyvinyl 
acetate, Fori cinnamic-acid vinyl, eye li zed rubber, poly si lane, a 
polysi loxane, epoxidation poly butadiene, a polyether, poiyurethane, 
polyester, and those copolymers can be used suitably. 
[0012] It is desirable for the soluble parameter (delta) of the solvent 
and fsacromolecuie which constitute gel from this invention to 
approximate, when obtaining good gel. That is, the function which is a 
soluble parameter in which it is near or the solvent dissolves a 
isacroraolecule in the combination of the same macromoiecuie and the same 
solvent is most excellent, and calls such a solvent a good solvent, A 
good solvent makes max swell gel. The database of a real giant molecule 
and the soluble parameter of a solvent is completed mostly, and the 
approach of presuming delta value of the new matter is also established 
Therefore, it is possible to look for the organic electrolytic solution 
which makes max swell gel. The mobility of the lithium ion in the 
swollen gel is almost equal to the value of only the organic 
t It v 1 'Unf s. ion c <_iJf u \ < t _~ ^ 



existence of gel can be disregarded by gel / good solvent system, The 
ratio of the soluble parameter of the macromolecule -which- constitutes 
gel, and the organic solvent contained in it is desirable when it 
obtains good gel that- it is within the limits of 1 to 0. 7 thru/or 1 to 
1.3, and it is more desirable that it is within the limits of further I 
to 0.8 thru/or I to 1.2. As an example of a good solvent, when giant 
molecules are polystyrene (del.ta=18. 7 MPa 1/2} , a polyaethyl 
methacryiate {delta- 18. 6 MPa 1/2) , and polyvinyl acetate (delta=19. 6 MPa 
1/2} v the good solvent is a tetrahydrofuran (delta™19, 4 MPa 1/2) and 

* " > .... .a*-: <, ^ «> \ir„ : '_>. 
[0013 j After forming gel thinly on the surface of an electrode 
beforehand, one kind of for example, various aery late and a methacryiate 
monomer or the mixture of two or more monomers and a vinylene carbonate 
monomer is copolymer! zed as an approach of winding using a DMF solvent 
by making azobisui sobttt iron! tor iru into an initiator, a product is 
settled with a methanol, and 2 yuan or- plural copolymers are obtained by 
the shape of a solid-state,. An organic electrolyte is made to swell and 

t i l - ■> } 1 r fk c \\ X I id f I I < t a 

****** solution in which meeting structure is destroyed and a good 
fluidity is shown under high shearing stress. On an electrode, a doctor 
blade is used and this solution is applied in the shape of a thin layer. 
A paint film returns to the gel state, in this way, it can consider as 
the cell which winds the made electrode and has the gel electrolytic 
solution. 

[0014] The positive-electrode matter used for this invention and the 
negative-electrode matter can be suitably chosen according to the 
military requirement of a cell, for example, use transition metals, such 
as Mn, nickel, and Pe, as a principal component as positive-electrode 
matter, and can use desorption and the lithium compound metallic oxide 
which can carry out **** for a lithium at the time of the charge and 
discharge which consists of a lithium and oxygen. 
[0015] 
[.Example] 

[The first example] LiCo02 was applied to aluminium foil, the positive 
electrode -which carried out press working of sheet metal, and the 
negative electrode which applied graphite to copper foil and carried out 
press working of sheet metal were spirally roiled through the porous 
polyethylene layer, and the closed-end cylinder- I ike cell can was 
equipped. The monomer mixture which consists of a weight ratio 2 to 1 of 
a methyl methacryiate monomer and the diaryl carbonate monomer of 
bisphenoi A was dissolved in the mixed organic solvent which consists of 



propylene carbonate which dissolved UBF4 of 1M, and 1 and 2 
<li methoxyethane, it considered as the solution, of weight concentration 
12%, and the liquid which added 1,5% per monomer AUW for 
azobisuisobutironitoriru in this solution was made to sink in under 
reduced pressure among these two poles. This was obturated under 
nitrogen-gas-atmosphere mind, and the lithium ion battery which heats 
for 30' minutes in 75-degreeC, and has a gel electrolyte was obtained. 
[0016] 

[The second example] LiCo02 was applied to aluminium foil, the positive 
electrode which carried out press working of sheet metal, and the 
negative electrode which applied graphite to copper foil and carried out 
press working of sheet metal were spirally roiled through the separator 
which consists of a porous polyethylene layer, and the closed-end 
cylinder-like cell can was equipped. After making the solution which 
dissolved polystyrene monomer ISOg, divinylbenzene 5g, and benzene 
peroxide 1. 5g in tetrahydrofuran 150g sink in under reduced pressure 
among these two poles, it heated in 60-degreeC in nitrogen-gas- 
atmosphere, mind for 2 hours, and the polymerization reaction was made to 
perform. This was made to add and swell the solution which dissolved 
L1PF6 of 1M in the mixed liquor of ethylene carbonate and 
dimethoxyethane under nitrogen-gas-atmosphere mind, and it considered, as 
the good gel electrolytic solution, and it obturated and the lithium ion 
battery was obtained, 
[0017] 

[The third example] LiCo02 was applied to aluminium foil and the liquid 
which, dissolved lOOg [ of vinyl acetate j and cirmamic-acid vinyl 10g 
and azt>b i su i sobutiron i tori ru2g in tetrahydrofuran l50g was made to sink 
into the positive electrode which carried out press working of sheet 
metal ; the negative electrode which applied graphite to copper foil and 
carried out press working of sheet metal, and the separator which 
consists of a porous polyethylene layer under reduced pressure. These 
were heated for 30 minutes in 60~deg.ree€ under ejection and niirogen- 
gas~atmosphere mind from liquid, respectively, and it considered as gel- 
Thus, the cell can of the shape of winding and a closed-end cylinder was 
equipped with the positive electrode with which it filled up with the 
obtained gel all over the opening, the separator, and the negative 
electrode. Among these two poles, you added the solution which dissolved 
LiPFS of 1M in the mixed liquor of ethylene carbonate and 
dimethoxyethane under n i trogen-gas- atmosphere mind, and made it spread 
in gel, and it considered as the good gel electrolytic solution, and it 
obturated and the lithium ion battery was obtained. 



potassium persulfate are made to distribute styrene monomer iOOg and 
divinyl benzene 2. 5g, it stirs by 80~degreeC for 1 hour, and polystyrene 
' -it^ d^ i-t. \ A < Tt^ 1 ^ -e-d^mg o lai v to b 'it \o<><. <iif. 
the chloroform or dimethy If ormami de which is the good solvent of 
polystyrene was distributed, and swelling micro gel was obtained. Sulfur 
trioxi.de sulfur performed surface sulfonaxion (whenever I sulfonation ] 
0. 1 - 15%) for this micro gel. The water after recovery was distributed, 
micro gel breeze-dried, after neutralizing thoroughly by hiOH, and it 
obtained micro gsl powder. la this way, the obtained surface sulfonation 
micro gel powder was made to swell with the ethylene carbonate of LiPfb 
of 1M, and a methyl ethyl carbonate (volume ratio K3) solution, it 
considered as gel, this gel was thinly applied to each front face of a 
positive electrode, a separator, and a negative electrode, each was 
rolled spirally in piles, and the closed-end cylinder-like cell can was 
equipped. This was obturated in nitrogen-gas-atmosphere mind, and the 
lithium ion battery was obtained, 
[0019] 

[The fifth example] ig of benzoyl peroxides was diluted with the 300ml 
> o, h^' x ~:e r i'n' tc r it *. to LOde i ' < v i <i t~s t Ig, 
60 degrees was stirred for C or 3 hours, and the polymer solution was 
obtained. This was applied in the shape of a thin layer on the surface 
of two poles, it wound on both sides of the porosity plastics spacer, 
and rhe closed-end cylinder-like cell can was equipped. This was 

u > dt-o a i tn . 1 a - ) e^e )<n < , no , i ' ti m v U t ^ 
was obtained. 
[0020] 

[The sixth example] LiCo02 was applied to aluminium foil, the positive 
electrode which carried out press working of sheet metal, and the 
negative electrode which applied graphite to copper foil and carried out 
press working of sheet metal were spirally rolled through the separator 
which consists of a porous polyethylene layer, and the closed-end 
cylinder-like cell can was equipped. Styrene monomer iOml, aery late or 
methacrylate monomer 3.0ie1 mixture, and divinyl benzene lml were added to 
100ml of organic electrolytes, and the solution which mixed dicumyi 

making a polymerization reaction perform by heat-treating this by 70- 
degreeC for 3 hours, the solution which permeated turned into a thick 
polymer solution, and the fluidity reduced it remarkably. 
[0021] 



[The seventh example] Polyvinyl alcohol 0. 5g was dissolved in 30ml of 
boiling water, it diluted to 500ml the back, styrene monomer 15g, 
di vinyl benzene 2g, and 0. 2g of benzoyl peroxides were added to this 
solution, it stirred in 90-degreeC for 4 hours, and the latex particle 
was obtained. What was made to swell this put " e ir . ie* x <i t , 
was made to distribute with the organic electrolytic solution, and was 
made into the shape of a slurry was applied and wound around the front 
face of the wo poles of a lithium ion battery, and it considered as the 
ceil. 
[0022] 

[Effect of the Invention] The breakdown test (it **** and examines) 
which puts a nail and is crowded from the side face of a cylinder- like 
cell about the cell created in the first thru/or the fourth -example was 
performed. As the situation in that case was shown in a table I, bv the 
cell made by the approach of this invention, it was not. admitted whether 
having been very small, but to this, the electrolytic solution flowed 
nut and generating of flame became an electrolyte with big flame by the 
cell not using gel, 
[0023] 

i r 



[0024] After carrying out impregnation of the electrolytic solution to 
the vu I > , i, v ' e i v t"<- j < 1 - coi i> 'ft. t> rh , \ t v i >^f. 
c'ci . ^ iht iiou j^pl-noa i B\ *<.r~* i\n >u. j ^ik t i . k 



solution gel or contained the electrolytic solution on. the surface o' 
two poles is made to exist, and winds, or exists in the winding art! 
of two poJ.es In order that there may almost be no runoff of the 
electrolytic solution at the time of the container of a cell being 
damaged, it excels in safety, and a lithium ion battery also with li 
degradation accompanying charge and discharge is obtained, and it is 
very useful on industry. 



.Translation done. 



